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The onset of thermal convection in a thin fluid may be characterized by a parabolic linear stability curve in the parameter space formed by the temperature difference across the layer and the wave number of the growing disturbance.
However, the phenomenon is complicated by the fact that two stability curves are tangent at the critical wave number A, , : the linear stability curve (below which a small-amplitude periodic flow will decay) and the boundary of the Eckhaus instability. The latter causes a flow pattern whose wave number is too far from the critical value to go unstable through the development of slow spatial modulations. This leads to the nucleation or elimination of roll pairs, and eventually produces a new pattern with a wave number closer to the critical value. Thus, the Eckhaus instability is an important mechanism of pattern selection that can lead to a substantial change in the wave number. This process is quite general, since a similar phenomenon occurs in any translationally invariant system where a normal bifurcation produces a periodic structure in one space direction. '
The Eckhaus instability is difficult to observe, both because it is often masked by secondary instabilities, 3 and because lateral boundaries limit the range of stable wave numbers. 4 Nevertheless, the stability boundary has been measured in circular Couette flows and buckling beams6; limited observations have also been made on hydrodynamic surface waves and on RayleighBenard convection rolls in an annular container. 7 In this paper, we present the first direct observations of the space and time evolution of the Eckhaus instability. In earlier experimental studies5 6 the Eckhaus boundary was approached gradually from the stable side. In that case, the instability occurs at zero wave number so that the spatial modulations observed in the present work could not be seen.
We use electrohydrodynamic (rather than thermal)
convection to obtain a sample containing at least 150 rolls. This is sufficiently large that finite-size effects should be irrelevant on the time scale of the experiment. Fig. 4(a Although the various spectral peaks are close together, it is possible to follow their intensities Ak, defined to be the areas under the corresponding spectral peaks, as functions of time. An example is shown in Fig.  4(b) . The initial peak at 2kt decays partly because of the large initial flow amplitude (created by periodic forcing), and partly because of the growth of the Eckhaus peak at 2k&+kz. The latter initially grows exponentially at a rate roughly proportional to the distance (measured horizontally in Fig. 2 ) from the Eckhaus stability boundary. It subsequently decays as the peak at 2kf(=2kt+2kz) becomes comparable in size.
The latter eventually saturates and becomes the dominant peak in the spectrum of the final stable pattern. It is a result of the nucleation of a roll pair at each wavelength I/kz of the modulation. We find that kf is surprisingly close to band center:~k f -k,~/ k, & 0.06. 
